Regulation of the function of eukaryotic DNA topoisomerase I: analysis of the binding step and of the catalytic constants of topoisomerization as a function of DNA topology.
It was previously observed that two steps of the reaction of eukaryotic DNA topoisomerase I (topoisomerization and cleavage) depend upon the conformation of the DNA substrate: in both instances the supercoiled form is a more efficient substrate than the relaxed one. This paper reports the analysis of two other steps of the reaction: the binding of DNA topoisomerase I to DNA and the catalytic constants (Kcs) of topoisomerization as a function of the topology of the substrate. Binding. Competition assays show that supercoiled DNA binds the enzyme with even slower kinetics than the relaxed form. Therefore, the preferential topoisomerization of supercoiled DNA is not due to the binding step. Additional evidence that the rate-limiting step of the topoisomerization reaction is not the binding of the enzyme to DNA is provided by the fact that the kinetics of relaxation is first order. Catalysis. The Kcs of the topoisomerization reaction have been calculated and it was shown that they do not vary as a function of the topology of the substrate or of its size. Taken together, the data on binding, cleavage, topoisomerization, and Kcs suggest that the preferential topoisomerization of torsionally strained DNA is due to the higher availability, on this topological form, of DNA sites that allow the onset of the reaction.